Highlights 19 -Primer selection plays critical roles in the sensitivity and tracking fungal communities to 20 assess reliable and accurate ecological populations 21 -The 26S target region exploited in rRNA sequencing demonstrated greater taxonomical 22 depth for fungal communities 23 -Preferential amplification phenomenon contributes to underestimations and overestimations 24 of fungal species 25 -The limited availability of updated databases to assess ecological populations. Abstract 28 Next-generation sequencing has been used to strengthen knowledge about taxonomic diversity and 29 ecology of fungi within food ecosystems. However, primer amplification and identification bias 30 could edge our understanding into the fungal ecology. The aim of this study is to compare the 31 performance of two primer pairs over two nuclear ribosomal RNA (rRNA) regions of the fungal 32 kingdom, namely the ITS2 and 26S regions. Fermented cocoa beans were employed as biological 33 material and the fungal ecology during fermentation was studied using amplicon-based sequencing 34 tools, making use of a manually curated 26S database constructed in this study, and validated with 35 SILVA database. To explore potential biases introduced by PCR amplification of fungal 36 communities, a mock community of known composition was prepared and tested. The relative 37 abundances observed for ITS2 suggest that species with longer amplification fragments are 38 underestimated and concurrently species that render shorter amplification fragments are 39 overestimated. However, this correlation between amplicon length and estimation is not valid for all 40 the species analysed. Variability in the amplification lengths contributed to the preferential 41 amplification phenomenon. DNA extracted from twenty fermented cocoa bean samples were used 42 to assess the performance of the two target regions. Overall, the metataxonomic data set recovered 43 similar taxonomic composition and provided consistent results in OTU richness among biological 44 samples. However, 26S region provided higher alpha diversity index and greater fungal rRNA 45 taxonomic depth and robustness results compared with ITS2. Based on the results of this study we 46 suggest the use of the 26S region for targeting fungi. Furthermore, this study showed the efficacy of 47 the manually curated reference database optimized for annotation of mycobiota by using the 26S as 48 a gene target.
Accession numbers
pointed out that we did not observe a clear correlation between amplicon size and over or 248 underestimation.
249
In the Mock-Amp samples, correct relative quantification was obtained for 13 out of the 20 250 species targeting the 26S region and for 10 out of 20 species with the ITS2 region. In the Mock-251 DNA samples, correct relative quantification was obtained for 10 out of 20 species in the 26S 252 region and for 4 out of 20 species targeting the ITS2 (Table 3) . 253 Remarkably, G. geotrichum and S. pombe were only detected when the 26S region was 254 targeted while H. opuntiae was the only species that was consistently underestimated, 255 independently from the target region or sample. Overall, 26S sequencing data aligned better to 256 theoretical abundance values for the fungal species tested than did the ITS sequencing data. Table S1 ). The 26S target region revealed greater OTU richness compared to the ITS2 region 262 (P < 0.05) as shown in Fig. 2 . Overall, 20 and 37 fungal OTUs were identified during the 263 fermentations using the primer set ITS2 and 26S, respectively. In addition, we observed differences 264 in length distribution across the two target genes. Histogram of reads length of 26S showed that the 265 higher reads proportion were around 380 bp while for ITS2 we observed a varied distribution of the 266 reads length around 370bp, 400bp, 420bp, and 450bp (See Fig. S3 ). Eleven OTUs, namely Candida 267 jaroonii, Candida tallmaniae, Fusarium, Hanseniaspora, H. opuntiae, Hanseniaspora uvarum, K. 268 marxianus, S. cerevisiae, Saccharomycopsis crataegens, T. delbrueckii and Pichia pijperi were 269 detected by both targeting regions (Fig. 3) . The relative abundance of several fungal species was 270 significantly different according to the type of amplicon used (P < 0.05, Fig. 4 ), in which 271 significantly higher relative abundance was found for S. cerevisiae, P. pijperi, and H. uvarum (P < 0.05) using ITS2 target gene, while Hanseniaspora showed higher abundance when using the 26S 273 (P < 0.05, Fig. 4 Table 4 ). Interestingly, S. cerevisiae was not detected by using the SILVA's 282 database from the mock communities. In contrast, no significant differences in the OTU 283 distributions and the alpha diversity calculations were observed between the two datasets from 284 biological samples. In depth, the constructed 26S database assigned 37 fungal species, described 285 above, while SILVA's database assigned 35 (data not shown). However, we observed that S. 286 cerevisiae and H. uvarum were not detected by using the SILVA's database. 
Discussion

288
New tools and molecular techniques have been used to detect microbial ecology in the past 289 decades. Recently, the interest in the use of amplicon sequencing to identify taxonomically relevant 290 taxa in food has increased. However, this approach has potential biases as previously described 291 (Bowers et al., 2015; Fouhy et al., 2016) where primer selection is considered one of the most 292 important sources of biases (Bokulich et al., 2014; Bonanomi et al., 2016; David et al., 2014; De 293 Filippis et al., 2017a; Ercolini, 2013; Garofalo et al., 2015; Stellato et al., 2015; Stielow et al., 2015; 294 Wang et al., 2015) . The 26S region (D1 domain) of the rRNA encoding gene and the ITS2 region 295 have been proposed as good candidates for identifying fungal species when using NGS technologies 296 due to the high taxonomic resolution (Tedersoo et al., 2015) . In this study, we performed a comparative evaluation of two regions as amplicon sequencing targets for the identification of fungi 298 and it also describes the mycobiota community in food matrices.
299
Recently the 26S region has been studied using the Roche 454 technology (De Filippis et al., Our study suggested that the 26S as a target showed greater biodiversity in biological 347 samples compared with the universal primer ITS. However, it should be noted that the present study 348 shows the performance of a new pair of primers targeting the 26S region for fungal strains. 349 Therefore, the novelty of these primer sets is also our limitation, that can be successfully overcome 350 through future research focusing on the use of small fragments of the LSU region to target fungal 351 species, that could support our observations. Therefore, the combination of both target genes, where 352 species identification can be performed applying ITS and phylogenetic analysis with 26S, is highly Table 3 . Relative abundance (%) of the fungal species identified in mock communities amplified 510 using two different target regions. The expected concentration is referred to as theoretical 
